Introduction
There is strong evidence that alcohol consumption (AC) phenotypes are more heritable in adults than in adolescents, with estimates of heritability ranging from 31-51% (Hansell et al., 2008) . Furthermore, studies have indicated that the same genetic influences are acting on both alcohol dependence (AD) and AC (Kendler, Myers, Dick, & Prescott, 2010) , suggesting that heavy AC in adolescence can lend itself to the development of alcohol abuse and potentially AD in adulthood. While Genome-Wide Association Studies (GWAS) have identified several genes associated with AC (Baik, Cho, Kim, Han, & Shin, 2011; Chen et al., 2012; Heath et al., 2011; Kapoor et al., 2013; Pan et al., 2013; Pei et al., 2012; Quillen et al., 2014; Schumann et al., 2011) , these associations often have small effect, indicating that AC is a complex problem influenced by numerous genes, many of which are likely still unidentified.
Recent work has identified the mouse glutamate metabotropic receptor 7 (Grm7) as a candidate gene for AC (Vadasz et al., 2007) . This receptor affects alcohol drinking patterns and neurological processes. Grm7 knockout mice show increased AC, while mice overexpressing this gene drink less alcohol. Furthermore, there are significant differences in Grm7 mRNA abundance between congenic and background strains in addiction-related brain regions. In this experiment, the congenic strain contained a small segment of the inbred BALB/cJ mouse strain chromosome 6 (on which Grm7 resides) on a C57BL/6By background strain. Comparison between the congenic and background strains revealed that congenic strains consumed less alcohol than the background strains, providing further evidence that Grm7 affects alcohol consumption (Gyetvai et al., 2011) . Moreover, viralmediated knockdown of Grm7 in the nucleus accumbens (NAc), a region strongly implicated in drug reward, was also shown to increase ethanol consumption and preference in rats (Bahi, 2013) .
Pharmacological interventions in rodent models have also supported a role for Grm7 in the rewarding effects of drugs. Administration of the Grm7 agonist AMN082 (Mitsukawa et al., 2005 ) was shown to decrease gamma aminobutyric acid (GABA) and increase glutamate levels in the NAc (Li, Gardner, & Xi, 2008) . The same agonist was later shown to decrease cocaine self-administration and cocaine-induced enrichment of electrical brain-stimulation reward in rats, suggesting that Grm7 is involved in cocaine reinforcement (Li et al., 2009 ). In addition, AMN082 was shown to decrease ethanol consumption and preference in rats (Bahi, Fizia, Dietz, Gasparini, & Flor, 2012) , and subsequent work has shown that although AMN082 had no effect on extinction of ethanol-induced conditioned place preference, it reduced ethanol-induced conditioned place preference reinstatement in mice (Bahi, 2012) . This suggests that Grm7 activation can lessen the reinstatement of the rewarding effects of alcohol (Bahi, 2012) . These studies provide strong evidence for Grm7 as a potential target for alcohol cessation therapies.
Although there has been work examining the effect of human glutamate metabotropic receptor 7 (GRM7) polymorphisms on human substance use disorders, the majority of the work has focused on psychiatric disorders (Saus et al., 2010) , including bipolar disorder (Alliey-Rodriguez et al., 2011) , schizophrenia (Ganda et al., 2009; Ohtsuki et al., 2008; Shibata et al., 2009) , major depressive disorder (Breen et al., 2011; Hamilton, 2011; Muglia et al., 2010; Pergadia et al., 2011; Shyn et al., 2011) , panic disorder (Otowa et al., 2009) , autism spectrum disorders (Yang & Pan, 2013) , and ADHD (Elia et al., 2011; Park et al., 2013) . Although not genome-wide significant, studies have found evidence for an association between GRM7 and nicotine dependence and cessation success (Uhl et al., 2010) , and alcoholism (Li et al., 2011) . Furthermore, GRM7 was identified as a leading edge gene in a Gene Set Enrichment analysis analyzing subjects' level of response to alcohol (Joslyn, Ravindranathan, Brush, Schuckit, & White, 2010) . Two single nucleotide polymorphisms (SNPs) in GRM7 were chosen in the present study to test for association with AC: rs3749380, based on previous associations with schizophrenia (Ohtsuki et al., 2008) , and rs1485175 as a negative control.
The goal of the current study was two-fold: first, to follow up on previous studies of GRM7 by examining two common SNPs in GRM7 for association with AC in two independent samples; and second, to use a gene-based approach to test all available common SNPs in GRM7 for association with AC. GRM7 is roughly 833 kb in length (from the UCSC genome browser, http://genome.ucsc.edu/) (Kent et al., 2002) . The expanse of the gene makes a comprehensive examination of which genetic signals may be associated with alcohol behaviors difficult. For that reason, the initial SNP analysis was followed up using a more extensive approach by investigating all common variants available in existing dbGAP datasets.
Materials and methods

Samples
For the single SNP analyses, two independent samples were used. The discovery sample consisted of 1,803 non-Hispanic European American (EA) subjects drawn from the Colorado Center on Antisocial Drug Dependence (CADD). Currently in its third wave of data collection, the CADD is a longitudinal study. It consists of four separate samples. The Family Study (FS) is a sample of clinical adolescent probands, ascertained while in treatment for antisocial drug dependence, their family members, and a matched set of control families (Stallings et al., 2003 (Stallings et al., , 2005 . The Colorado Adoption Project (CAP) (Petrill, Plomin, DeFries, & Hewitt, 2003) , the Colorado Longitudinal Twin Study (CLTS) (Rhea, Gross, Haberstick, & Corley, 2006) , and the Colorado Community Twin Study (CCTS) (Rhea et al., 2006) are community unselected samples that were used in this study for phenotypic standardization (see below). Only subjects from the FS were included in this molecular genetic study. Ascertainment of this sample is described as follows. Clinical probands were recruited and selected from individuals who had consecutive admissions to treatment facilities in the Denver area between February 1993 and June 2001. Control subjects were recruited from the community and matched to the clinical probands based on age, gender, ethnicity, and zip code. All family members living in the same household as the proband were asked to participate in the study, which created family-based data. To increase similarity between this study and findings by Vadasz et al. (Vadasz et al., 2007) , the most recent wave of data collection, representing probands past the age of initiation, was used. If the subject had not been assessed at wave 3, data from wave 2 were used, and if there were no data from wave 2, wave 1 data were used. Specifically, the work by Vadasz and colleagues identifying Grm7 as a candidate gene for AC utilized adult mice (Vadasz et al., 2007) . The first wave of data collection from the CADD recruited adolescents aged 13-19; each subsequent wave of data collection began roughly 5-7 years after the previous one. Thus, using the most recent wave of data collection ensured that most subjects included in this analysis were adults. When assessed, buccal cell DNA was collected from subjects who provided informed voluntary consent. All recruitment, assessment, and DNA collection procedures were approved by the University of Colorado's IRB and are in accordance with the Helsinki Declaration of 1975, as revised in 1983.
Families of EA subjects from the Genetics of Antisocial Drug Dependence (GADD) were assessed as previously described (Kamens et al., 2013) , to provide an independent replication sample. One thousand forty-nine subjects were used in the analysis. The GADD sample is a high-risk sample; probands aged 14-19 years old, from Denver, CO, and San Diego, CA, were identified from treatment programs, involvement with the criminal justice system, or special schools. Probands were required to meet at least one of the criteria for both a substance use disorder (other than nicotine dependence) and conduct disorder. Siblings of the proband, as well as one or both biological parents, were recruited. The GADD is a longitudinal study in its second wave of data collection; as in the CADD, data from wave 2 were preferentially used, and data from wave 1 were included if the subject did not have wave 2 data. DNA was acquired with consent, using either buccal cells or blood. All procedures are in accordance with the Helsinki Declaration of 1975, as revised in 1983. The University of California and the University of Colorado IRBs approved all subject recruitment, assessment, and DNA collection procedures.
For the gene-based test, data for EAs from four GWAS were obtained: The Study of Addition: Genetics and Environment (SAGE) (Bierut et al., 2010) ; genome-wide association study of alcohol use and alcohol use disorder in Australian twin families (OZ-ALC) (Grant et al., 2007; Knopik et al., 2004; Saccone et al., 2007) ; the Multi-Ethnic Study of Atherosclerosis (MESA) (Bild et al., 2002) ; and a GWAS comprised of unrelated EA subjects from the CADD and GADD samples (CADD-GADD) (Derringer et al., 2015) . As mentioned above, the CADD and GADD samples include probands targeted for drug use, their families, and matched-control families, as well as community twin samples. MESA is a community-based sample, whereas SAGE and OZ-ALC were ascertained based on substance dependence. All GWAS datasets were imputed to Phase 1 of the 1,000 Genomes data and were cleaned using standard quality-control procedures. These included removing variants with low imputation accuracy (<0.9), low minor allele frequency (MAF < 0.01), and variants out of Hardy-Weinberg equilibrium (HWE, p < 0.001).
SNP selection
For the single SNP analysis, two SNPs were selected based on MAF and location; rs3749380 and rs1485175 are common SNPs (MAF > 5%), have been previously examined in GWAS, and code for synonymous changes in exons 1 and 8, respectively. Additional SNPs could not be examined due to budgetary constraints. Preliminary examination of the haplotype structure of GRM7 in Hapmap (http://hapmap.ncbi.nlm.nih.gov/) using Haploview (Barrett, Fry, Maller, & Daly, 2005) revealed that these two SNPs were not in linkage disequilibrium (LD) at r 2 = 0.0. Although rs3749380 did not tag any other SNPs in the region, rs1485175 was indicated to tag eight other SNPs in the gene.
For the gene-based test, SNPs were annotated to GRM7 using the hg19 build. Variants 20 kb upstream and downstream of the gene were included, as previous evidence has suggested most genetic variation lies in this region (Veyrieras et al., 2008) . Only variants present in all four imputed GWAS were included in the final analysis.
Genotyping
SNP genotyping for rs3749380 and rs1485175 was performed using the TaqMan©® assays for allelic discrimination according to manufacturer's instructions (Applied Biosystems, Foster City, CA). Two thousand four hundred and ninety-six subjects from CADD and 3,072 subjects from GADD were genotyped. Polymerase Chain Reaction (PCR) reactions were performed with the Biomek® 3000 Laboratory Automation Workstation (Beckman Coulter, Inc., Brea, CA) and the Dual 384-Well GeneAmp® PCR system 9700 (Applied Biosystems, Foster City, CA). A 7900 Real-Time PCR System (Applied Biosystems, Foster City, CA) was used to analyze the amplified plates. Taking into account all the SNPs that have been previously genotyped in the CADD (33) and GADD (12), SNP genotypes for subjects with overall call rates <90% were excluded. Three hundred and eighty-four samples were genotyped twice for each SNP to determine concordance between replicate reactions; the percent of discordant calls for SNPs in the CADD and GADD, respectively, were as follows: rs3749380 (0.78%, 0.00%), rs1485175 (1.04%, 0.52%). Genotype clusters from the amplified plates were auto-called by the Applied Biosystems TaqMan® Genotyper software (Applied Biosystems, Foster City, CA). Genotype calls were also visually examined by two independent lab personnel to confirm calls. Final calls were determined when both laboratory personnel agreed; genotypic data were excluded if they did not agree. Mendelian errors were identified using FBAT (Rabinowitz & Laird, 2000) . If Mendelian errors were detected, the SNP genotype for that family was removed. Using previous SNPs genotyped in the CADD sample (in the α 4 [N = 10] and β 2 [N = 10] subunits of the nicotinic acetylcholine receptor genes), three families in the CADD sample were identified as having Mendelian errors in three or more SNPs in both genes; the SNP genotypes for these families were also removed. Using Haploview (Barrett et al., 2005) , pairwise linkage disequilibrium (LD) (r 2 ), MAF, and HWE were evaluated.
Statistical analysis Phenotypic descriptive
For the single SNP analysis, the phenotype examined was AC, defined here as the maximum number of drinks consumed in 24 h during one's lifetime, as assessed with the Composite International Diagnostic Interview -Substance Abuse Module (CIDI-SAM) (Cottler & Keating, 1990) . Only phenotypic data for subjects who had previously used alcohol were included; in other words, if a subject had never had a drink of alcohol they were excluded from the analysis. AC was standardized based on the distribution of AC in the CADD community sample (CAP, CLTS, and CCTS samples, described above). A linear regression was performed using Statistical Analysis System (SAS) 9.3 software (SAS Institute Inc., Cary, NC) to determine residuals from sex, age, and age-squared. The coefficients from the CADD community sample were applied to the CADD clinical sample (i.e., Z scores of clinical subjects were expressed as deviations from the means of the community samples), as well as the GADD sample.
Although AC was defined differently in each GWAS obtained from dbGAP, all attempts were made to harmonize the phenotype between samples. As the CADD-GADD GWAS is longitudinal, phenotypes were collected the same as for the SNP study; data were preferentially drawn from wave 3, from wave 2 if the subject was not assessed at wave 3, and from wave 1 if the subject did not have data at either later wave. In the CADD-GADD, as well as SAGE and OZ-ALC samples, AC was defined as the maximum number of drinks consumed in 24 h during one's lifetime and assessed with the CIDI-SAM (Cottler & Keating, 1990 ) and versions of the Semi-Structured Assessment for the Genetics of Alcoholism (SSAGA) (Bucholz et al., 1994) , respectively. All subjects from these samples were included since information about whether each subject had tried alcohol was not always available. AC was defined in MESA as the largest number of drinks consumed in 24 h during the previous month in current drinkers (non-current drinkers were not asked the question). AC was log-transformed in order to normalize the phenotype. Age and sex, as well as the first five principal components to control for ancestry, were used as covariates in the analysis. As the SAGE sample is composed of three sub-studies with slightly different ascertainment, study was also included as a covariate.
Statistical genetics analysis
Rs3749380 and rs1485175 were tested for association using an additive genetic model in a family-based association test performed in FBAT (Rabinowitz & Laird, 2000) . FBAT builds on the original Transmission Disequilibrium Test (TDT) (Spielman, McGinnis, & Ewens, 1993) , where alleles transmitted to affected offspring are compared to the expected distribution of alleles among offspring under Mendel's law of segregation and conditioning. For results with p < 0.05, correction for multiple testing was implemented using the Min p test in FBAT, which accounts for correlation between SNPs. This test provides a p value for the most significant result based on the number of SNPs tested; if this p value is less than 0.05, the result is considered significant after correction for multiple SNP testing at p < 0.05.
In order to contrast findings using a different family-based test, analyses were repeated using the within-family association and linkage test implemented in Quantitative Transmission Disequilibrium Test (QTDT) (Abecasis, Cardon, & Cookson, 2000) . Correction for multiple testing was implemented in QTDT, where the output shows the risk allele and Bonferroni significance level for the most significant association based on the number of SNPs tested. While both tests examine the transmission of alleles within a family, thus controlling for population stratification, QTDT uses regression-based framework to test for association where the phenotype is the outcome. Conversely, FBAT uses the genotype as the outcome; using the additive model, the outcome is allele count for each offspring.
The gene-based test was carried out using two analytical approaches. Joint Association of Genetic Variants (JAG; available at http://ctglab.nl/software/jag/) (Lips, Kooyman, de Leeuw, & Posthuma, 2015) uses raw data and invokes PLINK (Purcell et al., 2007) to run a genome-wide association on each SNP in the gene. By summing the −log 10 of each SNP p value, a multivariate test statistic is created. Permutations of the phenotype are run and summed as described above. The empirical p value for each gene (P emp ) is the number of times the sum of the −log 10 of the permuted p value exceeds or equals the sum of the −log 10 (p value) from the genome-wide association. The second analytical approach used to confirm findings from the JAG analyses was the set-test implemented in PLINK (Purcell et al., 2007) . Briefly, for each gene, PLINK determines which SNPs are in LD above a certain threshold (r 2 = 0.5), performs a standard SNP regression, and selects up to N "independent" SNPs with p < 0.05. From this subset, the statistic for each gene is calculated as the mean of these SNP statistics. Keeping LD between SNPs constant, the phenotype is permuted. The empirical p value (Pemp) is the number of times the permutated gene statistic exceeds the original statistic for that gene. The P emp for each sample from each JAG and PLINK analysis were combined using the weighted Z-score method (Whitlock, 2005) .
Results
SNP analysis
The phenotypic characteristics between the CADD and GADD samples were comparable (Table 1) . Although the GADD sample is somewhat younger than the CADD sample, AC means and distributions were comparable between the clinical samples.
The minor alleles and MAF for rs3749380 and rs1485175 were similar between each sample ( Table 2 ). The discordant genotype rate was lower for both SNPs in the GADD than in the CADD sample; this may be because many of the DNA samples for the GADD were drawn from blood, as opposed to saliva as in the CADD. DNA samples from blood generally have higher genotyping success (Philibert, Zadorozhnyaya, Beach, & Brody, 2008) , although it is not clear that this would necessarily result in a lower error rate. However, consistent with these differential error rates in the two samples, the genotype for rs3749380 was removed for 22 and 8 families in the CADD and GADD, respectively, and in 24 and 8 families for rs1485175 in the CADD and GADD, respectively, after Mendelian errors were detected in these families. There were no significant deviations from the HWE at p < 0.05. Furthermore, both SNPs represent independent signals in GRM7 and were not correlated (r 2 = 0).
In the CADD sample, rs3749380 was significantly associated with AC at p = 0.010 and p = 0.002 using FBAT and QTDT, respectively (Table 3) . These associations survived correction for multiple testing with the Min p test p value of 0.020 for FBAT, and Bonferroni significance level of 0.031 in QTDT. The T allele was the risk allele. However, neither rs3749380 nor rs1485175 were associated with AC in EAs from the GADD (Table 3) . Results using QTDT confirmed the lack of findings with EAs in the GADD sample.
Gene-based test
Phenotypic characteristics for the samples utilized in the gene-based test are given in Table  4 . For the analysis, a random subset of unrelated subjects was selected from the OZ-ALC study. The OZ-ALC and SAGE samples had expectedly high scores for AC since these samples were ascertained based on alcohol and other drug use. The community-based MESA sample had low AC reporting. Finally, the CADD-GADD GWAS sample showed slightly higher AC values than MESA but markedly lower values than those samples ascertained on alcohol and drug use only.
Nine hundred and two SNPs in GRM7 were tested for association with AC using a genebased test. Results indicated that variation in GRM7 is not associated with AC with combined p = 0.743 using the JAG test (Table 5 ) and combined p = 0.812 using the PLINK test (Table 6 ). The correlation between the JAG and PLINK p values for each study was high (r = 0.76). Locus zoom plots (Pruim et al., 2010) showing the -log 10 (p value) of each SNP tested in the region for each dataset are provided in Supplementary Figs. 1, 2, 3 , and 4.
Discussion
The goal of this study was to evaluate the evidence for association of GRM7 with AC, based on findings that Grm7 is a candidate gene for AC in a mouse model (Vadasz et al., 2007) . To our knowledge, this is one of the first studies to examine both individual polymorphisms in GRM7 as well as to perform a gene-based test for association with AC. Although one prior study has identified a differentially inherited SNP module (a collaboration of SNPs contributing to the disease synergistically that is differentially inherited in affected and unaffected sibpairs) in GRM7 in alcoholics, the two SNPs in the module were in introns and not in LD with the SNPs examined in the present study (Li et al., 2011) . Our gene-based test is an important extension of this work; it represents an independent study because none of the four previously studied SNPs were included in our gene-based test as none were present in all four imputed GWAS utilized. Consistent with our hypothesis based on these two SNPs selected from the schizophrenia study (Ohtsuki et al., 2008) , the T allele of rs3749380 was associated with AC in the CADD sample using FBAT and QTDT, while the negative control SNP rs1485175 showed no evidence for association. Neither SNP was associated with the phenotype in the GADD sample. This discrepancy could be due to lack of power to detect true associations, or undetected differences between the CADD and GADD samples. The GADD sample did not include any control families, so this difference in study design may be reflected in differential transmission effects. Since this SNP has not been examined in any previous drug behavior studies, its role in alcohol behaviors cannot be compared to others; however, the T allele of rs3749380 was nominally associated with schizophrenia in two independent Japanese populations, and was shown to have lower promoter activity than the C allele using a luciferase assay (Ohtsuki et al., 2008) . In addition, this SNP has been associated with panic disorder in a Japanese population (Otowa et al., 2009) .
A gene-based test was run to assess whether collapsing variants of potentially small effect and testing them together may provide evidence for association between GRM7 and AC. Two gene-based tests were run on each of four imputed GWAS datasets and the p values from each analysis were combined; no association was found between GRM7 and AC using either analytical method. Using JAG, the effective number of SNPs tested was calculated, a measure that takes LD into account to estimate how many overall signals were tested. In the MESA, OZ-ALC, and SAGE samples 16 signals were included; in the CADD-GADD sample, 15 signals were included. This difference is likely caused by the samples having different underlying LD structure. Notably, the two SNPs previously examined were not included in the gene-based test; rs3749380 is not in LD with any of the GWAS SNPs, and rs1485175 passed quality control procedures after imputation in the CADD-GADD dataset alone. Although the gene-based test encompasses more genetic variation than single SNP studies, the exclusion of rs3749380 and rs1485175 highlights the limitation of focusing only on current GWAS to perform human genetic studies and boosts the importance of single SNP studies.
While two analytical methods were used for both the SNP analysis and gene-based test and results were consistent, there are some differences between the two methods worth noting. In the single-SNP analyses, both FBAT and the within-family QTDT association test control for population stratification because they use a family-based approach. However, the QTDT test employs a regression-based approach where the phenotype is the outcome, which may explain the slightly different results obtained using the two methods. Under a normally distributed phenotype with no stratification, QTDT can be more powerful. Nevertheless, for testing a continuous trait in the entire sample with a phenotype of mean 0, heritability of 0.1 and frequency of 0.3, both tests can have roughly 0.75 power (Lange, DeMeo, & Laird, 2002) . For the gene-based tests, JAG and PLINK consolidate SNP associations throughout a gene, but JAG takes into account every SNP and performs best when there are many signals in the gene contributing to risk for the phenotype. Conversely, PLINK selects only the most significant signals to contribute to the test statistic and therefore performs better with a gene with a few very strong signals.
Although the present study presents primarily negative findings, it is important to consider the limitations when interpreting this study. First, in context of comparison to the mouse genetics model on which this study was based, it is important to recognize that it is not possible to directly model the human AC phenotype in rodents, so differences in phenotypes across species limit direct comparisons. In humans, the phenotypic measure of AC has poor distributional properties, and duration was not taken into account. Future studies may benefit from imposing a duration limit or averaging typical and peak drinking levels to get a smoother distribution. Furthermore, the mouse studies found evidence for a cis-regulatory link between alcohol preference and Grm7, but the SNPs examined in the present study were necessarily limited by what is available currently and are unlikely to represent expression quantitative trait loci. Likewise, only common variants imputed in all four datasets were included in the gene-based test, which excluded many potentially important common variants and rare variants in the gene. Finally, we opted to include only variants 20 kb upstream and downstream of GRM7, based on a study suggesting most genetic variation lies in this region (Veyrieras et al., 2008) . However, separate work has shown that genes several hundred kb from an associated SNP may be functionally relevant (Loos et al., 2008) . This study also did not consider gene by SNP interactions, SNP by SNP interactions, or SNPs capable of identifying an expression quantitative trait locus. With regard to study design, there may be low power to detect and replicate genetic SNP associations of very small effect in the CADD and GADD samples, which could lead to false negatives. In addition, the multiple testing correction only adjusted for the number of SNPs tested, not the number of samples tested. There might exist unidentified ascertainment or sample characteristic differences between the CADD and GADD samples, or the GWAS samples utilized. In the CADD and GADD samples, selective attrition could result in bias, particularly if subjects who did not return at wave 2 or 3 failed to do so because of incarceration or confinement in a treatment facility for drug use.
Despite these limitations, there are several strengths of our study that help mitigate some of these limitations. In particular, the use of a family-based design protects against population stratification, and so should minimize false positive associations. Furthermore, our SNP analysis included an important replication sample that was recruited and assessed in a manner similar to the first sample. Although it is likely that neither of the two SNPs examined is a causal variant, a gene-based test was used to try to cover most of the variation in the gene. However, we only analyzed SNPs that were common between all four imputed GWAS (in order to combine p values across datasets), potentially ignoring important signals.
Despite this limitation, the gene-based test represents an effort to characterize all common variation in GRM7 in relation to alcohol behaviors using currently available datasets. The use of several samples resulted in a large overall sample size. Lastly, SNP-set based approaches can increase power to detect genetic loci with individually small effects by consolidating SNP associations (Purcell et al., 2009; Wang, Jia, Wolfinger, Chen, & Zhao, 2011) .
Although this study focused on GRM7, there are several other glutamate metabotropic receptors implicated in alcohol behaviors that warrant discussion. Activation of glutamate metabotropic receptor 5 (Grm5) has direct excitatory effects and potentiates N-methyl-Daspartate receptor currents (Awad, Hubert, Smith, Levey, & Conn, 2000) . In addition, Grm5
antagonists have been shown to decrease ethanol seeking and relapse (Bäckström, Bachteler, Koch, Hyytiä, & Spanagel, 2004) and self-administration (Cowen, Djouma, & Lawrence, 2005; Schroeder, Overstreet, & Hodge, 2005) in rats, as well as in mice (Hodge et al., 2006) . This is the opposite effect seen with Grm7, where overexpression leads to decreased ethanol consumption and knocking out the gene results in increased ethanol consumption (Gyetvai et al., 2011) . Although the association was not replicated, GRM5 was also associated with AD in a study of adolescents assessed for risky drinking (Schumann et al., 2008) . In addition, several SNPs in glutamate metabotropic receptor 8 (GRM8) have been associated with AD (Chen et al., 2009) . Recently, a stop codon in the glutamate metabotropic receptor 2 (Grm2) gene was linked to increased AC and preference in rats. Pharmacological blockade of the receptor further increased AC in rats, and Grm2 knockout mice displayed elevated AC (Zhou et al., 2013) , paralleling the effect seen with Grm7 knockout mice (Gyetvai et al., 2011) .
While this provides evidence that Grm2 mediates alcohol behaviors, the total loss of function of Grm2 seen in rodent models is most likely rare in human populations. Regardless, GRM5, GRM8, and GRM2 are interesting candidates for alcohol treatment (Holmes, Spanagel, & Krystal, 2013; Joslyn et al., 2010 ).
In conclusion, this work provides preliminary evidence for an association between rs3749380 and AC in EAs. However, this association did not replicate in an independent sample and a gene-based test did not support an association between GRM7 and AC.
Importantly, the gene-based test did not include rs3749380 or rs1485175. This emphasizes the importance of single SNP analyses, as current GWAS datasets often lack potentially important signals. The availability of an independent replication sample and publically available GWAS on dbGaP, as well as the use of two different analytical tools, allowed us to weigh findings in the context of their reproducibility across samples and between analyses. Although our results do not provide evidence for association between AC and GRM7, there are many genetic factors in/around the gene that have not been investigated fully. As more genotyping data become available it will be important to revisit this question. As mentioned above, Grm5, GRM8, and Grm2 have also been implicated in AC (Awad et al., 2000; Bäckström et al., 2004; Chen et al., 2009; Cowen et al., 2005; Hodge et al., 2006; Schroeder et al., 2005; Zhou et al., 2013) , suggesting that the glutamate system is a likely target for alcohol cessation therapies, which emphasizes the importance of continued investigation of these genes in alcohol behaviors.
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